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Indian Standard 



EQUIPMENT FOR CONTINUOUSLY 

MONITORING RADIOACTIVITY 

IN GASEOUS EFFLUENTS 

PART 3 SPECIFIC REQUIREMENTS FOR NOBLE GAS EFFLUENT MONITORS 

NATIONAL FOREWORD 

This Indian Standard, which is identical with lEC Pub 761-3 (1983) 'Equipment for continuously monitoring 
radioactivity in gaseous effluents : Part 3 Specific requirements for noble gas effluent monitors', issued by the 
International Electrotechnical Commission (lEC), was adopted by the Bureau of Indian Standards on 
19 September 1989, on the recommendation of the Nuclear Instrumentation Sectional Committee (LTDC 26) 
and approval of the Electronics and Telecommunication Division Council. 

Wherever the words * International Standard' appear, referring to this standard, they should be read as 
'Indian Standard*. 

CROSS REFERENCE 

In this Indian Standard, the following International Standard is referred to. Read in its place the following: 

International Standard Corresponding Indian Standard Degree of Correspondence 

lEC Pub 761-1 (1983) Equipment IS 12761 (Part 1) : 1989 Equipment Identical 
for continuously monitoring radio- for continuously monitoring radio- 
activity in gaseous effluents : Part I activity in gaseous effluents: Part 1 
General requirements General requirements 

Only the English language text of the International Standard has been retained while adopting it in this 
Indian Standard. 



As in the Original Standard, this Page is Intentionally Left Blank 
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CHAPTER I; GENERAL 



1 . Scope 



This standard is applicable to noble gas effluent monitors intended to fulfil the following 
functions: 

— the measurement of the concentration of radioactive noble gases in the gaseous effluents 
at the discharge point and its variation with time; 

— the actuation of an alarm when a predetermined concentration of noble gases in the 
gaseous effluent is exceeded. 

The monitor may also be used for the determination of the total noble gas activity discharge 
over a given period and/or give information on the composition of a mixture of different gases 
in the discharge. 



2. Object 



The object of this standard is to lay down specific standard requirements, including technical 
characteristics, and general test conditions and to give examples of acceptable methods for 
noble gas effluent monitors as defined in Clause 3. 

The general requirements, technical characteristics, test procedures, radiation characteris- 
tics, electrical, mechanical, safety and environmental characteristics are given in I EC 
Publication 761-1: Equipment for Continuously Monitoring Radioactivity in Gaseous 
Effluents, Part 1 : General Requirements. They apply, unless otherwise stated, to this part of 
the standard. 



3. Terminology 

For the purpose of this standard, the following additional definition shall apply. 

3. 1 Noble gas effluent monitor 

Equipment designed for the continuous monitoring of noble gases in gaseous effluents 
discharged into the environment. 
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4. Classification of noble gas effluent monitors 

The equipment may he classified according to the type of radiation detected as: 

— gross gamma activity monitors; 

— gross beta activity monitors; 

— specific nuclide monitors. 

It may also be classified according to the method of operation: 

— direct measurement with a detector in or adjacent to the effluent; 

— continuous fractional sampHng to a monitoring point at a remote location. 



IS 12761 ( Part 3 ) : 1989 
lEC Pub 761-3 ( 1983 ) 



CHAPTER II: NOBLE GAS EFFLUENT MONITOR DESIGN 



5. Overall equipment design 

As discussed in I EC Publication 761-1, various monitor configurations are possible, 
depending on the exact circumstances and requirements for each installation. Irrespective of 
these variations, the equipment shall conform to the requirements of this standard as well as 
those of Chapter II of I EC Publication 761-1. 

5.1 Direct measuring equipment 

If the measurement is made directly by detectors in or adjacent to the effluent stream, only 
the detector and the minimum necessary electronic assembly shall be designed to operate in 
the appropriate plant environmental conditions and, unless there are special circumstances, 
this type of equipment shall not incorporate detectors which are particularly sensitive to 
variations in environmental conditions or require frequent attention or adjustment. 

The appropriate control and measurement assembly shall be mounted, wherever 
practicable, in a controlled environment, so as to minimize the effect on performance and 
allow ready access for operation and maintenance. 

5.2 Indirect measuring equipment 

If samples of the effluent are taken to a remote location, the sampling and detection 
assembly (with the exception of the samphng probe and pipework) and the control and 
measurement assembly should be adjacent in a controlled environment. Where this is not 
practicable (for example, because of the excessive length of the sampling pipework involved) 
the same restrictions as for a detection assembly (as discussed in Sub-clause 5.1) shall be 
applied. 



6. Expression of measurements 

In accordance with the r-equirements of Clause 10 of I EC Publication 761-1, the electronic 
sub-assembly associated with the detector shall provide a reading expressed directly in the 
electrical unit measured, for example in counts per second or in amperes. 

In addition, by agreement between manufacturer and user, the assembly may also be 
calibrated in terms of activity, for example becquerels per cubic metre. Depending on the type 
of detector employed, such calibration may require knowledge of the radionuclides involved 
and their relative concentrations, the detection efficiency for each nuclide and the volume of 
any sample and sample fraction. 

Measurements of quantities of particular nuclides will probably involve a form of gamma 
spectrometer with the need to establish "in peak'' counting efficiencies in terms of counting 
rate (s" ^) per unit activity (Bq) for specific peak widths together with the degree of interference 
from other gamma energy sources. 
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Measurements of activity released in such units as Bq-MeV may be relatively simply 
obtained with, for example, an ionization chamber detector mounted in the exhaust stack. 

If readings are to be provided in derived units, the manufacturer and user shall be confident 
that all the relevant factors are understood and are either constant or corrected automatically 
(refer to Clause 10 of I EC Publication 761-1). 



7. Sampling and dietection assembly 

7.1 Sampling and exhaust pipes 

In addition to the general requirements of I EC Publication 761-1, the following 
characteristics shall be considered and shall be agreed between manufacturer and user; 

— the nature of material used, giving particular attention to electrostatic effects and chemical 
corrosion; 

— state of internal surface: ease of decontamination; 

— delay time to detector (flow rate, pipe diameter, etc.). 

7.2 Inlet filter 

When appropriate, a filter may be placed in a filter holder at the sampling circuit inlet to 
remove any dust, aerosols, or iodines from the air (or gas). In order to maintain the specified 
performance of the assembly such a filter shall not, as far as is practicable, trap or even 
temporarily retain noble gases. 



7.3 Sample cell 

Where, as part of a sampling and detection sub-assembly, a measuring cell or gas chamber 
is used to provide a volume of gas for measurement with an immersed or adjacent detector, 
the following requirements shall apply: 

7.3.1 The sample cell shall be of the flow-through type, it may be with or without an absorbing 
medium, or pressurizing faciUty. 

7.3.2 The sample cell volume and operating pressure shall be specified. 

7.3.3 Whenever practicable, the detector shall be separated from the gas or air being measured 
by a protective window or screen. 

7.3.4 Whenever practicable, the detector shall be readily removable from the chamber for service 
or replacement. The detector mounting feature shall be such as to ensure that in all cases the 
detector can be returned to and will remain in the appropriate geometrical location. 
Alternative detector positions, or some other means, shall be provided to vary the response 
by at least a factor of 10. 

7.3.5 If, in order to increase the gas monitor response to a given concentration of radioactive gas, 
an absorbing medium is used, the type of absorbent and its characteristics for different gases 
of interest shall be given. 
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7.4 Radiation detector 



Any type of detector appropriate to the desired measurement may be used by agreement 
between manufacturer and user. The manufacturer shall specify the detector type and all 
relevant characteristics, particularly the response in the operating geometry to gaseous 
activities to be measured and to interfering activities of interest. 



7.4.1 Beta detectors 

Irrespective of the type of detector used, the manufacturer shall specify the detector 
dimensions and the dimensions and transmission characteristics, for example effective area, 
thickness, etc., of any protective screen. He shall also specify the variation of detection 
efficiency with beta energy. 

7.4.2 Gamma detectors 

Irrespective of the type of detector used, the manufacturer shall specify the detector response 
as a function of gamma energy and, in the case of detectors intended for spectrometry, the 
detector resolution as a function of energy. 



8. Test facilities 

The sample cell shall be designed so that check sources can be easily placed at defined 
positions near the detector. 

Where the detector is mounted remote from the control and measurement assembly, there 
shall be provision for remotely exposing check sources. 

Any check source when not in use, shall not increase the reading of the measurement 
assembly by more than 10% of the maximum value of the lowest useful decade of 
measurement. 



9. Range of measurement 

The effective range of measurement shall be agreed between manufacturer and user and shall 
be at least three decades (five or more decades may be required). 
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CHAPTER III: TEST PROCEDURES 



Except where otherwise specified, tests are to be considered as type tests, although any or all may 
be considered as acceptance tests by agreement between manufacturer and user. 



10. Standard test conditions 

The standard test conditions are shown in Table 1, These represent the values and tolerances 
of the various influence quantities for tests carried out with no variation of these values. 

The tests performed under standard test conditions are listed in Table II. 



1 1 . Tests performed with variation of the influence quantities 

These tests are listed in Tables III and IV; they shall be carried out in accordance with 
Clause 24 of I EC Publication 761-1, 



12. Reference sources 

Radioactive reference sources for gaseous effluent monitors may be of two types. Gaseous 
(primary) sources will normally be required for basic calibration. Other (secondary) sources 
may be used in addition, for routine tests or subsequent check testing. The response of 
assemblies to secondary sources shall generally be estabhshed by cross calibration against 
gaseous sources. Examples of suitable sources are given in Table V. In order to cover the range 
of the equipment, a number of sources are likely to be necessary, the activity of which shall 
be chosen in accordance with the requirements of Sub-clause 26.2.2 of I EC Publica- 
tion 761-1. The conventionally true activity of the sources shall be known with an accuracy 
better than 10%: 

£sa< 10% e,r <5% 

12,1 Primary sources 

Gaseous reference sources may consist of bottles of pressurized air or gas containing the 
noble gas with which the assembly is to be tested. These may be the gas for which the assembly 
is designed or some interfering gas of interest. 

In order to minimize the effects of possible contamination of the gas circuits, all tests with 
gas sources shall proceed from low to high values of activity concentration. 



12.2 Secondary sources 

Other reference sources may be used in lieu of gas sources for routine source tests. Such 
sources shall be of physical form appropriate to the assembly under test — in particular so as 
lo allow location of the source relative to the detector to be accurately fixed and repeated 
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whenever necessary. The nuclide used shall be appropriate to the assembly under test. In the 
case of specific nuclide monitors, the beta or gamma energy shall be sufficiently similar to the 
beta or gamma energy of the noble gas for which the equipment is designed for it to provide 
an effective equivalent source characteristic. 

In any case, the response of assemblies to such a secondary source shall be established, 
during type testing, relative to the primary gaseous source. This relative source response 
calibration may then be used, in conjunction with secondary source tests, when these are 
substituted for gaseous activity tests. 



13. Radiation performance tests 

These tests are undertaken under standard test conditions and are carried out without air 
(or gas) flow with the exception of the test described in Sub-clause 13.1.3. 

If an electronic method of compensation against natural radioactivity is included, all tests 
of the measuring assembly shall be performed with the compensation circuits in operation, 
after having been adjusted according to the instructions of the manufacturer. 

13.1 Accuracy of response to reference source 

13.1.1 Requirement 

Under standard test conditions, with calibration controls adjusted according to the 
manufacturer's instructions, the relative intrinsic error shall not exceed the limits given in 
Table II over the whole of the effective range of measurements. 

13.1.2 Tests to he carried out 

Type tests, routine source tests, and routine electronic tests shall be carried out as defined 
in Sub-clause 26,2 of lEC Publication 761-1. Where secondary sources are to be used for 
routine tests, the response of the assembly to such sources, relative to the appropriate gaseous 
sources, shall be established during type testing. 

13.1.3 Tests with gaseous radioactive sources 
Depending on the design of the monitor, either 

— circulate air or gas labelled with a known activity (see Appendix A) through the assembly 
at a constant flow rate for a sufficient time to reach measurement equilibrium and note 
the equilibrium readings, or 

— immerse the detector in a sufficiently large volume of gas to be equivalent to the volume 
in the actual operating position of the detector and note the reading under equilibrium 
conditions. 

13.1.4 Calibration of secondary sources 

Locate the appropriate secondary source at the defined position relative to the detector ((he 
gaseous source test conditions being unchanged, but the gaseous source absent). Establish ihc 
relative response to the secondary sources at equilibrium. For subsequent routine or 
operational tests, locate the secondary source at the defined position relative lo the detector 
and apply the appropriate factor for the relative response to gaseous and other sources as 
established in the type test. 
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13.i.5 Tests with electronic signal generator 

In order to avoid the use of several sources for the routine tests, the measuring assembly 
alone may be tested by injection of an appropriate electronic signal at the normal detector 
input. 

13.1.6 Evaluation of the results 

The results shall be evaluated as prescribed in Sub-clause 26.2.5 of I EC Publica- 
tion 761-1. 

13.2 Response to other radioactive gases (non-specific nuclide monitors) 

13.2.1 Requiremen ts 

The response of the assembly to radioactive gases other than the reference radioactive 
source shall be specified by the manufacturer. The range of gases of interest shall be agreed 
between manufacturer and user and a representative selection of these chosen for the tests. 
The performance of the assembly shall be shown to meet the specification. 



13.2.2 Test method 

The test method is identical to that described in Sub-clause 13.1.3, using the appropriate 
radioactive gas or gases. The specific activity of the gas shall be sufficient to give an indication 
which demonstrates that the equipment conforms with the requirements. 

13.3 Response to other radioactive gases (specific nuclide monitors) 

13.3. 1 Requirements 

The response of the assembly to radioactive gases of interest shall be specified by the 
manufacturer, but shall generally be less than 1% of the response to the same specific activity 
of the gas for which the assembly is designed. The specific activity of the gas shall be sufficient 
to give an indication which demonstrates that the equipment conforms with the requirements. 



13.3.2 Test method 

The test method is identical with that described in Sub-clause 13.1.3, using the appropriate 
radioactive gas or gases. 

13.4 Response time 

13.4.1 Requirement 

The manufacturer shall specify the response time of the assembly which, by agreement 
between manufacturer and user, shall be appropriate to the particular application. 

13.4.2 Test method — Sampling or remote detection assemblies 

For this test, a recorder shall be connected to the assembly to determine the change in 
indications as a function of time. 
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The input of the air circuit of the equipment shall be connected to a two-way valve, in which 
one branch enables air to circulate through the circuit, while the other is connected to a tank 
having a volume equal to at least ten times the volume of the pipe system and the measuring 
cham*ber of the assembly under test. The tank itself shall be connected to a gas cylinder via 
a pressure-reducing valve and a regulating valve. The relation of the tank pressure to 
atmospheric pressure shall be measured. The gas cyhnder shall contain the gaseous activity 
for which the assembly is designed. The regulating valve and the pressure-reducing valve shall 
be set to the rated gas flow. The tank shall be filled with the gas from the cylinder at 
atmospheric pressure. 

At the start of the test the two-way valve shall be switched to the tank and the cylinder valve 
opened. The regulating valve shall be adjusted so as to maintain atmospheric pressure in the 
tank until the recorder reading of the assembly has reached a constant value Rp. The interval 
of time separating the initial moment when the reading is /?i and the moment at which the 
reading reaches 0.90 (/?p — R\) + Ri is the response time. 

Where the test equipment neither absorbs nor concentrates activity, the installation may be 
simphfied by connecting the outlet of the air circuit direct to the tank and isolating the cylinder 
from the tank at the initial moment of the test. 

13.4.3 Test method — Direct measurement assemblies 

This test shall be perform*ed with a secondary source. 

A recorder shall be operated without the test'source present and the equilibrium reading 
R noted. The source shall then be rapidly introduced into the defined position relative to the 
detector and the output of the assembly recorded until a new equilibrium reading /?p is 
obtained. In the context of this test, "rapidly" is defined as a much shorter time than the 
response time being tested. The interval of time separating the moment at which the source 
is introduced and the moment at which the reading reaches 0.90 (/?p — R^) + J?| is the 
response time. 



14 Tests of the air circuit 

The tests specified in Clause 29 of I E C Publication 761-1 shall be carried out as appropriate. 
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CHAPTER IV: DOCUMENTATION 



15. Certificate and type test report 

With each equipment, the manufacturer shall provide a certificate giving the following 
mformation in addition to that specified in Chapter IV of I EC Publication 761-1 : 

~~ noble gas or gases for which the assembly is designed; 

— detector type and general characteristics; 

— response as a function of the activity per unit of volume; 

— response to the check source (if supplied); 

— response to the other radioactive noble gases {if the measurement is specific to a particular 
nuclide). 
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Table I 



Reference conditions and standard test conditions 

(Unless otherwise indicated by the manufacturer) 



Influence quantity 


Reference conditions 


Standard test conditions 


Reference radioactive source 


Air or gas labelled with the 
appropriate form of noble gas 


Air or gas labelled with appropriate 
form of noble gas 


Warm-up time 

— electronic devices 

— air or gas circuit 


15 min 
60 min 


^ 1 5 min 
> 60 min 


Ambient temperature 


20 X 


l8"Cto22X 


Relative humidity 


65% 


50% to 75% 


Atmospheric pressure 


101.3 kPa 


86kPato 106 kPa* 


Power supply voltage 


Nominal supply voltage U^ 


C/n ± 1% 


Power supply frequency 


Nominal frequency 


Nominal frequency ±0.5% 


Power supply waveform 


Sinusoidal 


Sinusoidal with a total 
harmonic distortion 
less than 5% 


Gamma radiation background 


Absorbed dose rate in air 
ofOr^nGy.h"^ 
(20Mrad,h-') 


Less thap absorbed dose rate 
in air of 0.25 ^Gy.h^^ 
(25^rad.h^^) 


Electromagnetic field of 
external origin 


Negligible 


Less than the lowest value 
that causes interference 


Magnetic induction of 
external origin 


Negligible 


Less than twice the value of 
the induction due to the 
earth's magnetic field 


Sampling rate 


Adjusted to nominal flow rale 
(defined by manufacturer) 


Adjusted to nominal rate 
±5% 


Assembly controls 


Set for normal operation 


Set for normal operation 


Contamination by 
radioactive elements 


Negligible 


Negligible 

-^ _^ — ^ 



Where the detection technique is particularly sensitive to variation in atmospheric pressure, the conditions shall be limited 
to ±5% of the reference pressure. 
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Table II 
Tests performed under standard test conditions 



Characteristics under test 


Requirements 


Reference (sub-clause) 


lECPubl. 
761-1 


lECPubl. 

761-3 


Reference response 


In accordance with the manufacturer's specifications 


26.1 




Accuracy of indication 


Less than +20% or, for assemblies with linear 
scales, less than 5% of the activity corresponding 
to maximum indication on appropriate scale 
(whichever is least restrictive) 


26.2 




Overload 


To remain at full scale indication when exposed to 
an activity ten times that v^'hich would give full 
scale deflection 


26.5 




Statistical fluctuations 


Coefficient of variation less than 10% 


27.1 




Stability of indication 


Less than 10% of the full scale angular deflection 
over a period of SQO h on all ranges or less than 
iO% of indication for digital display 


27.6 




Alarm trip stability 


Less than 20% of set-point level over a period of 
500 h 


27.7 




Alarm trip range 


In accordance with Clause 13 of I E C Publica- 
tion 761-1 


27.8 




Equipment failure 
alarms 


Low level alarm in accordance with Clause 1 3 of 
I EC Publication 761-1, other alarms by 
agreement between manufacturer and user 


27.9 
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Table III 



Test performed with variation of influence quantities 



Influence quantity 


Range of values 
of influence quantity 


Limits of variation 
of indication 


Reference (sub-clause) 


lECPubl. 
761-1 


lECPubl. 
761-3 


Other radioactive gases in air 
or gas to be measured (non- 
selective monitor) 


As for the noble gas or gases 
for which the equipment is 
designed 


In accordance with manufac- 
turer's specifications 




13.2 


Other radioactive gases in air 
or gas to be measured 
(selective monitor) 


As for the noble gas or gases 
for which the equipment is 
designed 


In accordance with manufac- 
turer's specifications but 
normally less than 1 % of 
the reading due to the same 
specific activity of the gas 
for which the assembly is 
designed 




13.3 


External gamma radiation 
from a ^^^Cs source in 
defined source/detector 
geometry 


Absorbed dose rate in air of 
lO^iGy.h-l 
(1 mrad.h-i) 


In accordance with the manu- 
facturer's specification 


26.4 




External gamma radiation 
from ^^"^Cs source in other 
geometries 


Absorbed dose rate in air of 
10nGy.h-» 
(1 mrad.h-i) 


As specified, but normally 
less than twice that under 
reference conditions 


26.4 




External gamma radiation 
from other sources in the 
defined source/detector 
geometry 


Absorbed dose rate in air of 
lO^Gy.h-i 
(1 mrad.h->) 


As specified but normally less 
than twice that under 
reference conditions 


26.4 




Warm-up time 


< 50 min 


±10% I) 


27.2 




Power supply voltage 


88% f/Nto 110% C/n 
{U^ = nominal supply 
voltage) 


±10%») 


27.4 




Pc^wer supply frequency 


47 Hz to 51 Hz2) 


±10%0 


27.4 




Power supply transient 
effects 


In accordance with Sub- 
clause 27.5 I EC 
Publication 761-1 


In accordance with Sub- 
clause 27.5 of I EC 
Publication 761-1 


27.5 




Ambient temperature^) 


Indoor use: 
10 °C to 50 °C 

Outdoor use: 
-10Xto40X 
-25°Cto50X 


±10%0 

±20%i) 
±50%») 


28.1 





(Table and notes continued on page 35 
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Table III (continued) 



Influence quantity 


Range of values 
of influence quantity 


Limits of variation 
of indication 


Reference (Sub-clause) 


LECPubl, 

761-1 


lECPubl. 

761-3 


Relative humidity 


Up to 90% at30"C 


±10%i) 


28.2 




Atmospheric pressure 


4) 


4) 


283 




Electromagnetic field 
of external origin , 


4) 


4) 






Magnetic induction of 
external origin 


4) 


4) 







*) Of the indication under standard test conditions. 

2) 57 Hz to 61 Hz for the United States of America and Canada. 

3) Assemblies intended for temperate climates, in hotter or colder climates other limits may be specified. 

4) No general specification. Range of value of influence quantity and limits of variation of indication to be specified if required. 

Note. — For the assemblies having a non-linear scale, a linear instrument can be substituted for the indicating meter of the assembly 
to verify the performance called for by this table. 



Table IV 

Tests of air (or gas) circuit 
(These tests are only applicable to assemblies whose response is dependent on flow rate) 



Influence quantity 


Range of variation 


Limit of variation 
of nominal flow rate 


Reference 
(Sub-clause) 


I EC Publ. 761-1 


Time 


1 h to 100 h 


±10% 


29.1 


Filter pressure drop 


In accordance with the 
manufacturer's specifi- 
cations 


-10% 


29.2 


Power supply voltage 


From 88% L^n to 110% U-^ 


±5% 


29.3 


Power supply frequency 


From 47 Hz tp 51 Hz 
From 57 Hz to 61 Hz for 
the United States of 
America and Canada 


±10% 


29.4 



Ifi 
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Table V 
Reference sources 



Gas sources 


Solid sources 


Beta energy 
(MeV) 


Gamma energy 

(MeV) 


Half-life 


«=^Kr 




0.67 (90) 




10.6 years 




185^ 


0.43 (100) 


-- 


73 days 




204^1 


0.77(98) 


— 


3.9 years 


'"Xe 




0.346 (100) 


0.081 (35) 


5.3 days 




2*^Am 


— 


0.060 (36) 


458 years 




185W 


0.43(100) 


— 


73 days 


'3 5Xe 




0.92 (100) 


0.25 (91) 


9.2 h 




143pr 


0.93 (100) 


— 


13.8 days 




204 J] 


0.77 (98) 


— 


3.9 years 




203Hg 


0.21 (100) 


0.279 (83) 


47 days 


*»A 




1.20(99) 


1.29(99) 


llOmin 




8»Sr 


1.46(100) 


~ 


51 days 




^'^Co 


0.31 (100) 


1,17(100) 
1.33(100) 


5.27 years 




'3^Cs/ 
»3^Sa 


0.51 (92) 
1.17(8) 


0.662 (82) 


30 years 




^«Sr/ 

90Y 


0,54 (100) 
2.25 (100) 


1 -.- 


28 years 



Notes I. — This table lists a number of likely gaseous (primary) and solid (secondary) reference sources in a form intended 
to indicate the possible solid sources for any particular gas source. 

2. — Only major radiations are quoted. 

3. — Figures in brackets are percentage emissions. 

4. Gaseous sources contained in ampoules may often also be used as solid sources, when the assembly under test 
is intended to measure gamma emissions. 
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APPENDIX A 
PREPARATtON OF NOBLE GAS REFERENCE SOURCES 

Numerous techniques ^i*e available for preparation of the gaseous reference sources required for 
performance of the tests in this standard. 

No technique is applicable unless it complies with the provisions of Clause 12. 

This appendix describes two practical techniques which, if correctly performed, will enable the 
tests to be carried out. 



Al. Use of commercially distributed cylinders of noble gas 

Where such cahbrated pressurized gas cyhnders are commercially available, direct use may 
be made of these for the tests described in Sub-clauses 13.1, 13.2 and 13.3. These cyUnders 
enable a known activity to be injected into the cahbration loop, to which the equipment is 
connected. Ihe test arrangement is shown in Figure AL 

Method of operation 

a) Fill the known volume V between the valves A and B at a pressure above atmospheric 
pressure with standardized gas from the cylinder. 

b) The gas volume P^is then injected into the calibration loop and has a total known volume 
Fj » V, where V^ includes the volume of the equipment under test. 

c) These operations are repeated until the desired activity per unit of volume is obtained 
in the calibration loop under atmospheric pressure. 

This technique is not practicable for assemblies comprising an absorbent medium intended 
for the trapping or selective concentration of the gas. 



A2. Use of ampoules containing noble gas 

Known volumetric activity of noble gas may be obtained by breaking standard ampoules 
in a known volume of air or gas. 

Method of operation 

a) Introduce the ampoule into a suitable cylinder. 

b) Close the cylinder and fill with dry air or gas to the pressure P. 

c) Break the ampoule by rotating or shaking the cyHnder. 

If the ampoule contains a sufficient noble gas activity, the method described in Clause Al 
may be applied. 

Low-activity ampoules may be used to obtain directly the desired activities per unit of 
volume in different cylinders. Under these conditions the air or gas in each cylinder, after 
reduction of the pressure, is injected into the appliance under test at the rated flow rate. 
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Fig. Al. — Calibration loop. 
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